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モンゴル語ではキリル文字を用いている。キリル文字を直接入力するためにモンゴル言語のキ
リルキーボードは存在するが、配列を覚えにくく、直感的ではなく、文字は見つけにくいという
問題がある。だから、キリルで直接入力できないまたは慣れないためほとんどの人はアルファベ
ットで音訳して入力するのは多い。その結果としてモンゴル文章はキリルよりアルファベットで
作成されたり、省略した・間違った単語が流通されたりする。これはサーチ・翻訳などの言語処
理の発展、普及に妨げになるだけではなくキリル文字を使うモンゴルの文化遺産を壊す危険を及
ぼしている。
そこで、本研究ではアルファベット文字列入力に対して正しいモンゴル語単語を作成する音訳
器を提案した。既存の音訳器はウェブサイト上に使われるものが主流で、音訳の結果は 1つに決
まる決定論的なものだったのに対して本研究では日本語のカナ漢字変換に用いる統計的なモデル
をキリル音訳に適応して確率の高い Nベスト候補を抽出した。また、入力が終わってからスペル
チェックソフトウェア（有料版）を使って訂正する面倒な作業の代わりに入力中に直接スペルチ
ェックできるようにした。
提案手法の最終形態として下記の機能を持つモンゴル語入力方法を作った。
① 統計的なモデルを用いて、アルファベット入力に対して最もモンゴル言語らしいキリル音訳
候補 N個作成
② より正しい単語、文章の普及のために、モンゴル言語単語辞書などを用意し、キリル音訳候
補に対してスペルチェックを行う
③ よく間違う・省略する単語に対する正しい単語を登録し、入力中に訂正する
④ 予測することでユーザーの入力負担を軽減する
⑤ これらの単語候補を利用頻度、スペルチェックの回数などの要素でランキングして表示する
提案手法の検証により、提案手法の音訳機能、予測機能は一定時間をかかるのに対して、スペ
ルチェックは入力文字列に長さに比例した時間がかかることがわかった。さらに、最大長さ40で
も0.12秒で十分高速であることがわかった。また、Windows OS上の様々なアプリケーションと連
動して動くことが確認できて実用性が高いものになったと考えられる。
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? b 1.0 ? m 1.0 ? ts 1.0
? v 1.0 ? n 1.0 ? ch 1.0
? g 1.0 ? o,oe 1.0 ? sh 1.0
? d 1.0 oe,o,q 1.0 ? shch 1.0
? ye 1.0 ? p 1.0 ? xx 1.0
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? j 1.0 ? s,c 1.0 ? x 1.0
? z 1.0 ? t 1.0 ? e 1.0
? i 1.0 ? u,ue 1.0 ? yu 1.0
? i 1.0 ue,u,w 1.0 ? ya 1.0
? k 1.0 ? f 1.0
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????? a???????? b??????? P (bja)?????????????????
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???? a??????????? Count(a)??????????
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X
bcyrillicLetters
Count(bja) (3.5)
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P (bja) = Count(bja)=Count(a) (3.6)
???????????????????????????????????????????
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CountAll =
X
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Count(a) (3.7)
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?????????????????????????????? 1???????????
????????????????????????????????????? 1????
? 3? ???? 12
3.1.4 ?????
????? yi ??????????? xi ??????????????????????
????????????????????????????????????????y =
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? finish?????????????????? reading?????????? display???
???????????? 3.3??????
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1. def CreateNode(x; graph)
2. for(i = 0; i < x:length(); i++)
3. for(j = max(0; i  4); j <= i; j ++)
4. reading = x:substr(j; i  j + 1);
5. if(conversionHash:has(reading)
6. foreach(cyrillicletter : conversionHash[reading])
7. CNode node;
8. node:start = j;
9. node:finish = i;
10. node:reading = reading;
11. node:display = cyrillicletter;
12. node list:add(node));
13. graph:add(node list)
? 3.2: ????????
1. def CreateEdge(x; graph)
2. for(i = 0; i < graph:nodes:size(); i++)
3. for(j = i+ 1; j <= graph:nodes:size(); j ++)
4. if(graph:nodes[i]:finish+ 1 == graph:nodes[j]:finish)f
5. CEdge edge;
6. edge:left = graph:nodes[i];
7. edge:right = graph:nodes[j];
8. edge:weight =  log(p(graph:nodes[j]:displayjgraph:nodes[i]:display));
9. edge list:add(edge);
10. graph:add(edge list)
? 3.3: ??????
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?x = "tsonkh"????????? 3.4??????????????????????????
? 3.4: ?????"tsonkh"????????????
?????????????????????????????????BOS?EOS?????
???????????????????? 3.4????BOS??EOS???????????
???BOS?? (ts)?? (o)?? (n)?? (kh)?EOS???????? 0+10+5+10+0 = 25
???????????????? (25), ????? (35), ????? (40), ?????? (60)
?????????????????????????????????:window???????
??????????????? 3.12??????????????????????????
????????????
3.1.6 ?????? [4]
??????????????????????????????????????????
??????? [4], [6]????????? 3.5?? node list? i?????????? (??)?
?????????get edge cost? 2??????????????????????????
?????get prev nodes?????????????????????????????
????????? 3.5????????????BOS???????????EOS????
????????????????????
1.???????????????????BOS???????????????????
???????2,3??????
2.????????????BOS???????????????????????????
????
 BOS???????????????
 ?????????????????????????
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1. def forward viterbi(graph)
2. for i in 1 to n
3. #i?????????????
4. nodes = node list(graph; i)
5. for node in nodes
6. node cost = get node cost(node)
7. cost = Double MAX
8. shortest prev = false
9. prev nodes = get prev node(node)
10. for prev node in prev nodes
11. edge cost = get edge cost(prev; node)
12. tmp cost = prev:fcost+ edge cost+ node cost
13. if tmp cost < cost
14. cost = tmp cost
15. shortest prev = prev
16. node prev = shortest prev
17. node:fcost = cost
18.
19. node = EOS
20. result = []
21. while node! = bos
22. result:push(node)
23. node = node:prev
24. return result:reverse
? 3.5: ?????????????????? [4]
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??????????????????
3.2 ????
3.1?????????????????????????????????????????
???????????????????????????N???????????????
??????????????????????????????????
3.2.1 N???????? [4]
N????????????????? DP(?????: Dynamic Programming)????
A*(?????: A star)???????????????? [4], [7]????DP???????
? 3.1????????????????????????????????A*???????
???????????????????????????????????????????
??N???????????????? BOS????????????? node:fscore??
??????????????? EOS??????? node:gscore??????????A*?
?????????A*?????????????????????????????????
?????????????????????????
1.??????????????????????????
2.????????????????????????????????????
3.?????????????????????????????????????????
???
(a) ?????????????????????? gscore??????????? gscore
????????????????????????
(b)????????????????????????????? fscore? gscore???
??
A*???????? 3a???????????????????????????fscore?
gscore?????????????????????????? BOS???????????
??????????????????EOS???????????????????????
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1. def backward a star(graph; n)
2. results = []
3. pqueue = PriorityQueue:new
4. pqueue:push(EOS; 0)
5. while !pqueue:empty
6. node = pqueue:pop()
7. if node:is BOS
8. cost = node:gscore+ node:fscore
9. word = []
10. while !node:is BOS
11. word:push(node)
12. node = node:next
13. results:push(key = word; value = cost)
14. else
15. prev nodes = get prev node(node)
16. for prev in prev nodes
17. edge score = get edge score(prev; node)
18. prev:gscore = node:gscore+ edge score+ get node score(node)
19. prev:next = node
20. #???????????????????????
21. newnode = copy(prev);
22. pqueue:push(newnode; newnode:gscore+ newnode:fscore)
23. if results:size > n
24. return results
? 3.6: N????????A*?????? [4]
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???????????????????????????????????????????
????????????????????????
A*????????????????????????????????????1?????
???????????????????????????????????????????
???????????????????????????????????????????
????????????????????????????????????????????
???????????????????????????????????????????
??????????????????????????????? 2???????????
????????? 2?????? 1??????????????????????????
?????????????????????????????????????? 2????
?????????????????????? 3????? 1??????????????
???????????????????????????????????????????
??????????????????
3.2.2 ????????????
??????????????????????????????????????????
????"???? (??) ????????? ?????"???????"sain baina uu"??
???????"sn bn u"???????????????????????????????
???"?? ?? ?"?????????????????????????????????
???3.1????DP????A*???????????????????????????
1. def add abbreviation word(results; reading)
2. if abbreviationHash:has(reading)
3. results:push(abbreviationHash[reading])
? 3.7: ????????????
???????????????????????????????????????????
abbreviationHash????????????
3.3 ??????????
????? x???????????????? y?N??????????? 3.2????
???????????????????????????????????????????
??????????????????
????????????????"How to Write a Spelling Corrector"????? [5]???
???????????????????????????????????????????
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?????????????????????????????????????????
3.3.1 ??????? [5]
???????? y?????????????????????????????????
??????????????????????? P (zjy)????????????? z??
??????????????P (zjy)??
P (zjy) = P (yjz)P (z)=P (y) (3.13)
????P (y)??? z??????????????????????????????
P (zjy) / P (yjz)P (z) (3.14)
?????? y??????????????????????????????? P (z)???
??? P (yjz)???????? z?????????????????
?????
????? P (z)???? z????????? z???????????????????
?????????????????????? P ("????? ")????????????
??P ("???????? ")????? 0??? (?????:???????????????
???????????????????)?????? P (z)???????????????
??????????????????????????? z??? Count(z)???????
?????? CountWords????????
P (z) = Count(z)=CountWords (3.15)
??????????????? 0???????????????????????????
z?????????????? Count(z) = 1?????????????????????
????????? CountWords??????????????
P (z) / Count(z) (3.16)
?????
????? P (yjz)??? z??????????? z?????????????????
????????????????????????????????? [5]?
??????????
??????????
??????????
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???????????????
????? z??????????? P (y??????????????????? 2????
????????????????????distance(y; z)?????????????????
?????????????????????????? 2,????????????????
?????? P (yjz)??????????????????????????? P (yjz)???
?????????
P (yjz) / 1=(1 + distance(y; z)) (3.17)
?????????? 3.16???????? 3.17? 3.14??????
P (zjy) / Count(z)=(1 + distance(y; z)) (3.18)
??????????????????????? z???????????????????
???????
????????????
??????? 3.3.1?????????????????????? y??????????
????????????????????? y?????????????????? 3.18?
????????????????????????????? y?????????????
????????????????????????MongolianDictionary?????????
????????????????????????cyrillicLetters????????????
??????????????????????????
?????????????????????????????????????????
?????????????? cyrillicLetters?????
????????????????????????????????????? y???
????
?????????????????????????????y???? cyrillicLetters
????????????
????????????????????????????????????????y
???????????????
????????????????? z??????????MongolianDictionary?????
? 3.18???????????????????? z???????????????????
?????
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1. def spellcheck(y)
2. l = len(y)
3. s = []
4. #????
5. if !s:has(z) and MongolianDictionary:has(z)
6. s:insert(key = z; value =MongolianDictionary[z])
7. #??
8. foreach(c : cyrillicLetters)
9. for(i = 0; i <= l; i++)
10. z = y:substr(0; i) + c+ y:substr(i)
11. if !s:has(z) and MongolianDictionary:has(z)
12. s:insert(key = z; value =MongolianDictionary[z]=2)
13. #??
14. for(i = 0; i < l; i++)
15. z = y:substr(0; i) + y:substr(i+ 1)
16. if !s:has(z) and MongolianDictionary:has(z)
17. s:insert(key = z; value =MongolianDictionary[z]=2)
18. #??
19. for(i = 0; i < l; i++)
20. z = y
21. foreach(c : cyrillicLetters)
22. z[i] = c
23. if !s:has(z) and MongolianDictionary:has(z)
24. s:insert(key = z; value =MongolianDictionary[z]=2)
25. #??
26. for(i = 0; i < l   1; i++)
27. z = y
28. c = z[i]
29. z[i] = z[i+ 1]
30. z[i+ 1] = c
31. if !s:has(z) and MongolianDictionary:has(z)
32. s:insert(key = z; value =MongolianDictionary[z]=3)
33. sort s by value
34. return s
? 3.8: ????????????? [5]
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3.3.2 ??
IME????????????????????????????????????????
???????????????????????????????????????????
??????????????????????????????????? x???????
??? y???????????????????????? y??????????w??
???????y?w????????????????????w????????????
????????????lower bound?????????????????????????
1. def prediction(y)
2. l = len(y)
3. result = []
4. current = lower bound(MongolianDictionary; y)
5. w = current:key
6. while(w:substr(0; l) == y)
7. result:insert(current)
8. current = current:next
9. w = current:key
10. sort result by value
11. return result
? 3.9: ????
????????????????????????????????????????????
????????????????????????????? y?????????? current
??????????????????? l????????? y?????? result?????
?????????????? result????????????????????
3.4 ?????
????????????????????? x???????????????????
???
????????????N???????? y
??????????????????????? z??N???????? y??????
????????????
???????????????????w?????????????? y??????
?????
?????????????
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???????????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
???
??????????????????????????????????????????
?? y????????????? y?????????????????????w????
????????????????????????????? y????????????
3.5 ????? IME???
???????????????????????????????????????English
alphabet based Mongolian IME??????
Microsoft? IME??????????????? [3]?????????????????
????????????????????
????????????????????
??????????????? dll ????????? Windows ?????????
(regsvr32 textservice.dll)???????? IME????????
?????????? IME????????? dll??????????????Windows
???? Application?????????????IME????????????????
??????????????????????????IME?????????????
?????????????????????????????
??????????????????????????????????????? IME
??????????? IME?????????????Window?????
???? IME??????????????????????????
????? IME??????????????
??????????????????????????
???????????????????
?????????????????
??Window????????????????????
???????????????????????
 Windows???????Application?????????????
? 3.10?????????????????????????????Chrome broswer??
?????????????????????????????????Word???????
? 3? ???? 24
? 3.10: ?????????????
???????????????????????????????????????????
???????
?4?
????????????
4.1 ???
???????????????????????????????????????????
????????????????????????????????????????????
???????????????????????
4.1.1 ???
???????????????????????????????????????? 3.1?
???????????? 4?????????????????? 2????????????
L????????????? 8L????????????????????????????
?? 8  8  L = 64L????????????????????????????O(64L)??
???????????????????????????O(log(64L))??????????
??????N ??????????????O(N  64L  log(64L))????????? IME
??N = 20, ???? L = 40???????????????
4.1.2 ???????
???????? 35??????? 35(L+ 1)???? L???? 35L???? L  1???
????? 72L + 34??????N ??????????????????? N  (72L + 34)
???????????????????? O(N  (72L + 34)) ?????????????
MongolianDictionary????M ???????????????????????????
?????????O(N  log(M)  (72L+ 34)) ????????? 1???????????
???????? 2??????????????O(N  log(M)  (72L+ 34)  (72L+ 34))?
???????????????????????????????????????????
?????????????????? IME????????????????????
4.1.3 ??
lower bound??????????????????????O(log(M))?????????
????????K?????????O(log(M) +K)??????????????????
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? 4? ???????????? 26
???????????K ?M ????????????????????????????
????K = 10??????
4.1.4 ??
????????????????????????????????????? 3.1???
????'?'????"t"?'?'????"s"?'?'????"ts"???????????"ts"?
????????"?", "??"? 2????????????"ts"???????????? 2L
??? 2L????????????????????????????
??????? N?????????????????????????????????
???????????????????????????????????????????
?????????????? 4.1?4.2?4.3???? ? 4.1????????? N?????
? 4.1: N????????????
??????????????????????????? 0???????????????
O(N  64L  log(64L))?????????????????????
? 4.2?? 4.3????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
???? 0??????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
???????????????????????????? 0.12?????????????
??????????
? 4? ???????????? 27
? 4.2: ????????????????
? 4.3: ????????????????
? 4? ???????????? 28
4.2 ????
????? IME???????????????????????????
 OS : Windows 7 (32bit)
??? : 2.00GB
 CPU : Intel(R) Core(TM)2 Duo 2.00GHz
???Windows 7?????? IME??????????????????????????
???????????????????????????????????????????
???????????? IME?????????????????????????????
???????????????????????????
? 4.1: ????? IME?????
???????? ???? ???? ???? ?????
WordPad ? ? ? ?
NotePad ? ? ? ?
Word ? ? ? ?
Excel ? ? ? ?
PowerPoint ? ? ? ?
Google chrome ? ? ? ?
Internet explorer ? ? ? ?
Yahoo messenger ? ? ? ?
??????????????????????????????????????????
Windows????????????????????????????
4.3 ??????????
???????????? IME????????????????????? 23?????
?????????????????????????????????????? IME???
???????????????????????????????????????????
???????????????????????
?????????????????????????????????????????
??????
????? 100??????????????????
???????????
?????????????????
? 4? ???????????? 29
????????????????????????
???????????????? 4.4?????????????????????????
? 4.4: ??????????????????
?????????????? 96.6%??????????????????????????
???????????????????????????????????????????
???
? 4.5: ??????
? 4.4????????????????? IME????????????????????
84%?????????????????????????????????????????
?????????? 4.6????????????????????????????
??????????????????????????
? 4? ???????????? 30
? 4.6: ??????
????????? (???????????
????????????????????
??????????
??????????
?????????
???????????????????????????????????
??????????????
??????????
 Mac OS?????????
 Web????????????????
??? IME?????????????????????????????????????
?????????????????????
??????????? IME????????????????????????????
???
?5?
??
5.1 ???
???????????????????????????????????????????
?????????????????????????????Windows??????????
?????????????????????????????????
????? IME??????????????
?????????????????????????????????????????
??N ???????
????????????????????????????
???????????????????????????????
???????????????????????
????????????Window??????????
 Windows???Application????????
??????????????????????????????????????????
???????????????????????????????????????????
???? IME??????????Windows??????????????????????
???????????
5.2 ?????
????????????? IME???????????????????????????
????
?????????????? 6???????????????????????????
?????????????????????????????????????????
?????????
??????????????????????????????????????????
??????
 IME? Bug???????? IME?????????????????????????
???????
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??????????????????????????????????????????
? ??????????????????????????????????????????
???????????????????????????? ???????????????
??????????????????????????IME???????????????
????????????? Tserenchimed Badarch???????????????????
????????????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
???????????????????
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